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The acceptance and rapid growth of Green Computing in recent years has led to an enormous 
number of publications comprising the achieved knowledge of this area of research. The 
present study aims to observe the literature growth of green computing throughout the Web of 
Science core collection database during the period 2010-2020. A total of 307 articles were 
retrieved and tabulated in excel and then analyzed as per the objectives of the study. Co-
authorship network visualization of authors and countries was visualized using VOSviewer 
software. The results show that year 2020 has the maximum number of contributions; China 
has a maximum number of 85 (27.687%) contributions, followed by the USA which has 80 
(26.059%) contributions; affiliation wise Jawaharlal Nehru University and Nottingham Trent 
University have equal and maximum 7(2.280%) contributions; 104 (33.876%) of the 
publications have the length in between 11-15 pages. Based on the network visualization of co-
authorship of authors and countries, there are 8 clusters, 178 links, and the total link strength 
is 204 and 10 clusters, 141 links, and the total link strength is 233, respectively.  
KEYWORDS: Bibliometrics, Research Productivity, VOSviewer, Network Visualization, 
Green computing, Web of Science. 
INTRODUCTION 
Green Computing is responsible for the use of computers and their related resources in an eco-
friendly manner. Green computing is the study of designing, manufacturing, using, and 
disposing of computing devices in a way that reduces their environmental impact. That's why 
Green Computing has become an essential technology that needs to be considered seriously by 
ICT experts. It is an emerging trend in computing technology. Such practices are finding 
innovative ways of reducing resource consumption effectively and proper disposal of e-waste. 
Green computing practices came into prominence in 1992. Green computing is also known as 
green information technology (green IT). 
LITERATURE REVIEW 
Sun & Yuan (2020) this study analyzed 1225 papers of rice research from 2008-2018, which 
include 1219 highly cited papers and identified that 5100 authors belonging to 1428 
organizations from 84 countries authored the papers in 277 core journals. There are 10 papers 
that have received more than 1000 citations. Based on the co-authorship analysis by 
VOSviewer, there is a cooperation between authors, organizations and countries or regions. The 
top 5 countries were China, USA, Japan, England and Germany. 
Liao (2018) explored the current status of medical big data (MBD) through visualization 
analysis on the journal papers related to MBD a total of 988 references which were downloaded 
from the SCIE and the SSCI databases from Web of Science and the time span was defined as 
"all years". Study points out the development status and trends on MBD. It can help people in 
the medical profession to get comprehensive understanding on the state of the art of MBD.  
Chaurasia, Chavan & Verma (2016) presented a bibliometric analysis of world research output 
on cloud computing covered by Elsevier's SCOPUS citation database in the five years (2010-
2014) period. It has been found that the growth rate of literature in the year 2011 is more than 
double as compared to 2010 gradually it is increasing. It is found that 112% growth was 
recorded in 2011 as compared to the previous year.  Further, it is seen that China is in the first 
position, followed by the United States in the research publications, though India is in the third 
position. 
M. Surulinathi, R. Balasubramani & Kalisdha (2013) analyzed the growth and development of 
Green Computing, as reflected in publication output covered by the Web of Science database 
during 1956-2011 resulted that, among 42 countries, Germany has produced 270 (16.24 %) 
articles. It occupies first place, France and Italy have more than 200 articles produced in this 
field. UK and Spain contributed more than 100 articles. North American countries contributed 
their output 1317 in total where the USA (33.36%) stands in the highest position among them 
all. 
Wang (2008) discussed the production and the operation phases of the product life cycle and 
demonstrates what actions will result in overall carbon footprint reduction for personal and 
business computing under various operational conditions and environment. They concluded 
that annual active energy consumption for personal computing is not high, representing only a 
tiny fraction of the energy required to produce the computer equipment. Energy consumption 
for IT equipment being outrageously high and growing more rapidly, yet only represents 
typically less than 50% of total energy consumed in a typical data centre. 
OBJECTIVES 
The study has the following objectives: 
• To trace the growth of research productivity of Green Computing research. 
• To identify the type of documents of the publications in Green Computing research. 
• To identify the country-wise distribution of publications. 
• To find out the most prolific authors in the Green Computing research. 
• To find out the authorship pattern of the research output. 
• To find out the most prolific journals in the Green Computing research. 
• To identify the most prolific affiliations. 
• To find out the year-wise length of the research output. 
• To construct and analyze network visualization map. 
SCOPE & METHODOLOGY 
The present study is limited to the search term 'Green Computing' from the core collection of 
the Web of Science (WOS) database. The researcher has applied the search strings TS = ("Green 
Computing"). The database source is SCI-EXPANDED, SSCI, A & HCI, the time-span is 2010-
2020, and the retrieval time is March 23, 2021. It has been seen that 307 records of contribution 
in the field of Green Computing over a period of 2010-2020. The Bibliographical data of 307 
papers were exported from the database and tabulated and analyzed as per the objectives of the 
study. 
With the rapid development of data mining, information analysis and graphics rendering 
technology, it becomes possible by using software programs to analyze large volumes of 
literature data and implementing data expression through the outcome of data visualization. 
VOSviewer is software for constructing and visualizing bibliometric networks/maps. For 
instance, these networks may include journals, researchers, or individual publications, and they 
can be built based on citation, bibliographic coupling, co-citation, or co-authorship relations. 
To perform quantitative analysis on the relevant literature and to form the corresponding 
knowledge map. 
DATA ANALYSIS 
YEAR WISE PUBLICATION GROWTH 
Table- 1: Year-wise publication growth 
Publication Years Publications Percentage Cumulative Publications Growth % 
2010 3 0.977 3 - 
2011 8 2.606 11 166.667 
2012 25 8.143 36 212.500 
2013 25 8.143 61 0 
2014 24 7.818 85 - 4.00 
2015 35 11.401 120 45.833 
2016 32 10.423 152 - 8.571 
2017 19 6.189 171 - 40.625 
2018 43 14.007 214 126.315 
2019 45 14.658 259 4.652 
2020 48 15.635 307 6.667 
Total 307 100   
 
 
Figure-1: Year-wise publications and Growth Rate 
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Publications                     Growth Rate
Table 1 portrays the overall growth of the literature published on green computing during 2010-
2020. There is significant growth in the number of contributions from the initial period of study. 
The table reveals that there is an increase in the number of articles from the year 2011 to 2012. 
212.500% highest growth rate recorded in 2012. The year 2020 has the maximum number of 
publications with 48 (15.635%). 
DOCUMENT TYPE OF PUBLICATIONS 
Table- 2: Document Type distribution 
Document Types Publications Percentage 
Article 275 89.577 
Editorial Material 22 7.166 
Review 9 2.932 
Proceedings Paper 8 2.606 
Early Access 3 0.977 
Meeting Abstract 1 0.326 
 
Table 2 shows the document type of contributions. It resulted in that maximum number of 
contribution 275 (89.577%) as in the form of journal articles followed by the editorial material 
22 (7.166%), review 9 (2%), conference proceeding 8 (2.606%), early access 3 (0.977%)  and 
1 (0.326%) meeting abstract. 
 
 
GEOGRAPHICAL DISTRIBUTION OF PUBLICATIONS  
Table- 3: Geographical distribution of publications 
Countries Publications Percentage Rank 
China 85 27.687 1 
USA 80 26.059 2 
India 36 11.726 3 
England 23 7.492 4 
Australia 22 7.166 5 
Spain 22 7.166 5 
Canada 18 5.863 6 
Saudi Arabia 13 4.235 7 
South Korea 13 4.235 7 
Italy 10 3.257 8 








Figure-2: Country-Wise Publications 
Table 3 depicts country-wise research productivity, and China is placed first with 85 (27.687%) 
contributions, followed by the USA, which has 80 (26.059%) contributions. Among all, India 
is in 3rd place, having 36 (11.726%) contributions. 
 
MOST PROLIFIC AUTHORS 
Table- 4: Most Prolific Authors 
Authors Publications Percentage Rank 
Kaiwartya, O 12 3.909 1 
Kumar, S 6 1.954 2 
Li, KQ 6 1.954 2 
Wang, LZ 6 1.954 2 
Buyya, R 5 1.629 3 
85 80
36









Khan, Su 5 1.629 3 
Kharel, R 5 1.629 3 
Lloret, J 4 1.303 4 
Mittal, S 4 1.303 4 
Zhou, MC 4 1.303 4 
 
Table 4 represents the most productive authors, and it clarifies that Kaiwartya, O has 
contributed a maximum of 12 (3.909%) publications within the study period. Followed by 
Kumar, S, Li, KQ and Wang, LZ, each have 6 (1.954%) contributions; Buyya, R, Khan, Su and 
Kharel, R have 5 (1.629%) contribution, while Lloret, Mittal, S and Zhou, MC have 4 (1.303%) 
publications. 
AUTHORSHIP PATTERN 
Table- 5: Authorship Pattern 
Years 
Collaborative 
Single Two Three Four More than 
Four 
Total 
2020 2 11 14 7 14 48 
2019 0 10 15 8 12 45 
2018 2 10 6 10 15 43 
2017 1 0 9 5 4 19 
2016 6 4 7 4 11 32 
2015 4 8 8 9 6 35 
2014 2 2 13 5 2 24 
2013 2 5 8 3 7 25 
2012 3 5 6 2 9 25 
2011 2 3 0 1 2 8 
2010 0 1 1 1 0 3 
Total 24 59 87 55 82 307 
Percentage 7.817 19.218 28.338 17.915 26.711 100 
 
Table 5 indicates the contribution of authors' publications in different authorship patterns of the 
selected field of the study. It depicts that 87 (28.338%) contributions are collaborated with three 
authors, followed by more than four 82 (26.711%). There is the least number of publications 
having a single author, 24 (7.817%). 
TOP TEN JOURNAL 
Table- 6: Top Ten Journal 
Journal Publications Percentage 
Sustainable Computing Informatics Systems 23 7.492 
IEEE Access 20 6.515 
Cluster Computing the Journal of Networks Software Tools 
and Applications 
14 4.56 
Journal of Supercomputing 13 4.235 
Future Generation Computer Systems the International 
Journal of Science 
12 3.909 
Concurrency and Computation Practice Experience 7 2.28 
ACM Computing Surveys 5 1.629 
IEEE Transactions on Parallel and Distributed Systems 5 1.629 
Journal of Intelligent Fuzzy Systems 5 1.629 
Journal of Network and Computer Applications 5 1.629 
KSII Transactions on Internet and Information Systems 5 1.629 
Soft Computing 5 1.629 
Sustainability 5 1.629 
 
Table 6 shows the top ten journal titles that published the maximum number of research papers 
on Green Computing. It is observed that Sustainable Computing Informatics Systems published 
a maximum of 23 (7.492%) articles, followed by IEEE Access having 20 (6.515%) records. 
 
 
TOP TEN MOST PROLIFIC AFFILIATIONS 
Table- 7: Top Ten Most Prolific Affiliations 
Organizations Country Publications Percentage Rank 
Jawaharlal Nehru University India 7 2.280 1 
Nottingham Trent University UK 7 2.280 1 
Chinese Academy of Sciences China 6 1.954 2 
King Abdulaziz University Saudi Arabia 6 1.954 2 
Suny College New Paltz USA 6 1.954 2 
University Politecn Valencia Spain 6 1.954 2 
Beihang University China 5 1.629 3 
Harbin Institute of Technology China 5 1.629 3 
Hunan University China 5 1.629 3 
Manchester Metropolitan University UK 5 1.629 3 
North Dakota State University USA 5 1.629 3 
New Jersey Institute of Technology USA 5 1.629 3 
Northumbria University UK 5 1.629 3 
University of Melbourne Australia 5 1.629 3 
 
Table 7 enumerates the organizations' ranking. It is clear from the table that Jawaharlal Nehru 
University and Nottingham Trent University have equal, and maximum of 7 (2.28%) 
contributions, followed by the Chinese Academy of Sciences, King Abdulaziz University, Suny 
College New Paltz, and University Politecn Valencia have 5 (1.954%) contributions. 
 
YEAR-WISE LENGTH OF PUBLICATIONS 
Table- 9: Year-wise Length of Publications 
Years 
Page Length 
01-05 06-10 11-15 16-20 21-25 25-30 More 
than 30 
2020 3 10 15 11 5 2 2 
2019 1 10 16 8 5 1 4 
2018 3 8 17 10 5 0 0 
2017 0 1 7 5 2 1 3 
2016 3 5 8 10 5 1 0 
2015 4 2 13 9 4 2 1 
2014 2 6 10 2 1 3 0 
2013 4 10 9 2 0 0 0 
2012 6 6 7 3 3 0 0 
2011 2 4 1 1 0 0 0 
2010 1 1 1 0 0 0 0 
   Total 29 63 104 61 30 10 10 
Percentage 9.446 20.522 33.876 19.869 9.772 3.257 3.257 
 
Table 9 represents the year-wise page length of publications. The highest number of 104 
(33.876%) research papers have page length between 11-15. Followed by 63 (20.522%) 
publications out of 307 have page length between 6-10; 61 (19.869%) research papers have 
page length between 16-20, and 10 (3.257%) publications have more than 30 pages. 
AUTHORS CO- AUTHORSHIP ANALYSIS
 
Figure- 3: Network visualization map of authors  
Analyzing co-authorship information will assist in identifying groups of people who work 
closely together. The network of authorship in the field of green computing is shown in the 
figure 3, each circle represents an author, and the circle sizes indicate the number of published 
articles. The link connecting two circles stands for the cooperative relationship between two 
authors, and the thickness of the link stands for the intensity of cooperation; the closer the 
circles, the closer the collaboration. Authors with a minimum of 1 publication retained. All the 
965 authors meet the thresholds; 52 authors are connected. Authors in the same cluster usually 
suggested that they studied in a similar field and had close cooperation with each other.  
The first and second are the largest cluster consisted of 8 authors (green and red color). The 
third, fourth, fifth and sixth have equal 7 authors (blue, purple, yellow and sky blue color 
respectively) cluster; the seventh cluster consist of 5 authors (orange color), and the 8th cluster 
have 3 authors (brown color). The total link strength of a node is the sum of link strengths of 









COUNTRIES CO- AUTHORSHIP ANALYSIS 
 
Figure- 4: Network visualization map of countries 
The country affiliation provides information about the country in which the authors worked, 
within a certain research institution, at the time they were publishing their articles. Each author 
of an article has made an independent contribution to the manuscript. Therefore, the country 
and institution the author affiliated could be considered the significant contributors to the 
evaluation of research. 61 countries are contributing the 307 papers in this study. Table 3 list 
the top 10 countries; China was identified as the most significant contributor, the USA was in 
second place, and India placed third.  
Country co-authorship analysis shows the level of communication between countries and 
prominent countries in the research field. By exploring the scientific literature of co-authorship 
between countries, developed the country co-authorship network map using VOSviewer 
software. In Figure 4, a circle represents a country; the size of each circle represents the number 
of articles of each country, which denotes the activity of the country. A line is established when 
two countries have a collaborative relationship. The width of each line reflects the tightness of 
cooperation and the number of collaborations between countries. We set the threshold as 1, and 
61 countries are meeting the requirement. The VOSviewer software divides these 61 circles 
into 10 clusters. There are 141 links, and the total link strength is 233. 
 
FINDINGS AND CONCLUSIONS 
Some of the key findings of the study suggest that there is a significant growth in the amount 
of literature from 2010 to 2020 in Green Computing research. Out of 307 articles, 89 % of the 
contributions are articles, i.e., 275, followed by the editorial material with 22 contributions. It 
is seen that India is placed 3rd among all, with having 36 contributions. Author productivity 
analysis shows that Kaiwartya, O has contributed a maximum number of 12 articles, followed 
by Kumar, S, Li, KQ and Wang, LZ. 
Further, it is observed that Sustainable Computing Informatics Systems publishes the maximum 
number of literatures on green computing, i.e., 23 articles followed by IEEE Access having 20 
publications. Analysis of VOSviewer representation of network visualization of co-authorship 
of authors and countries shows there are 8 clusters, 178 links, the total link strength is 204; and 
10 clusters, 141 links, and the total link strength are 233 respectively.  
This study gives an understanding of global trends and patterns with other vital factors as a 
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